A novel strategy of stacking binary magnets to enhance the magneto crystalline anisotropy is explored. This strategy is used in the search for hard magnets by studying FePt/MnGa and FePt/MnAl stacks. The choice of these binaries is motivated by the fact that they already possess large magneto crystalline anisotropy. Several possible alternative structures for these materials are explored in order to reduce the amount of Pt owing to its high cost.
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I. INTRODUCTION
The importance of magnets for modern society can hardly be overstated; they enter into every walk of life from medical equipment to transport (trains, planes, cars) to electronic appliances (from household use to computers). All these devices use what is known as hard magnets. The most common examples of such hard magnets are Nd 2 Fe 14 B, SmCo 5 and Sm 2 Co 17 . These materials are the strongest permanent magnets known to date. Rareearths are, however, expensive and extracting them from mined ore is an highly polluting process. It is therefore highly desirable to find a new generation of hard magnets that contain less or no rare-earth atoms [1] [2] [3] [4] .
The first natural question to ask for designing new hard magnets is "what makes the existing permanent magnets hard from a microscopic point of view?" For a magnet to be useful it needs to have two qualities (a) large saturation magnetization density (Ms) and (b) a large magneto-crystalline anisotropy (MCA). A Large MCA is needed to make a magnet stable w.r.t external influences such as magnetic fields. The large magnetization density in these rare-earth magnets is provided by the ferromagnetic coupling between the magnetic atoms (like Fe, Co or Sm), while the large MCA is due to both to the low symmetry of the crystal structure and the large spin-orbit coupling provided by the localized f -electrons. In order to design rare-earth free hard magnets one needs primarily to rely on low symmetry of the crystal structure to achieve large MCA since the spin-orbit coupling is considerably smaller in d-electron materials.
There exist several strategies to design new hard magnets; in the present work we explore a novel idea: step 1. identify two existing binary compounds with desirable magnetic properties (with large Ms and crystallizing in structures with high MCA); step 2. stack these compounds together to form super-structures leading to further enhancement in the MCA; and finally step 3. identifying the expensive component of this stack and attempt to reduce it. This combination of the two binaries reminds one of the quaternary Heuslers of the type XX'YZ where atoms X, X' and Y are d-elements, the atom Z is a p-element with metallic character [5] [6] [7] [8] [9] [10] . Quaternary Heusler structures are mainly investigated as half-metallic ferromagnets [11] [12] [13] [14] [15] [16] and are yet to be investigated from the viewpoint of hard magnetic materials.
In the present work we explore this strategy by identifying FePt and MnAl (or MnGa) 2 as the binary compounds. These materials have L1 0 structure with large MCA [17, 18] . The minimum energy and structures close-by for the stacks of these L1 0 magnets are then explored for ferromagnetically coupled materials with large Ms. The most expensive component of these compounds is Pt. We then look for possible ways to reduce or replace Pt in the stacks.
II. COMPUTATIONAL DETAILS
Structural optimization for all materials was performed using the Vienna ab-initio Simulation Package (VASP) with PAW pseudopotential method [19, 20] using PBE exchangecorrelation potential [21] . The energy cutoff of 350 eV and a Monkhorst-Pack 10x10x10 kpoint grid was used for all calculations. The possible magnetic phase space for a given structure was explored using the highly accurate all-electron full-potential linearized augmentedplane wave (FP-LAPW) method as implemented within the Elk code [22] .
III. RESULTS AND DISCUSSION
As a first step we look at possible structures for compounds FePtMnAl and FePtMnGa:
(a) three quaternary Heusler structures [23, 24] based on the different positions of the four atoms (see Table III for details) (b) two stacked L1 0 structures (which we call 2xL1 0 in the rest of the paper). These two structures are (see Fig. 1 ) built from four different layers stacked in different order: in structure 1 each magnetic layer is separated by a non-magnetic layer, while in structure 2 magnetic layers are nearest neighbors. These two 2xL1 0 structures are stoichiometrically identical to the quaternary Heusler structures. The calculated equilibrium lattice parameters, relative total energies and atom-resolved saturation magnetic moment are presented in Table III and III. It is clear from these results that for all the materials, the most stable structure is type I (cubic structure) with ferromagnetic coupling between the magnetic atoms. This result is in a good agreement with previously investigated quaternary Heusler components [6, 16] . We also explored the possibility of tetragonal and hexagonal distortion of the structure type I, and found that it is stable and does not show any such distortion. For both materials the calculated magnetic moment is around 4µ B per formula unit which is in good agreement with the Slater-Pauling rule [25, 26] : M t = Z t − 24 where M t is total spin moment and Z t is total number of valence electrons which is 28 for these materials.
Structural optimization of Heusler structures of type II (this structure is what is known as
D022) and III show that tetragonal distortion is favorable. Here we can see big differences in the properties of the two investigated materials: for FePtMnGa structures II and III are only ∼75 meV higher in energy than the cubic structure I and have ferromagnetic ordering; while for FePtMnAl this energy difference is ∼300 meV. These results are particularly interesting because tetragonal distortion is highly desirable as it leads to an increase in the MCA.
Unfavorable results were obtained for layered structure 1 and 2 for both materials: these structures are very high in energy (∼400 meV) and the magnetic coupling is ferrimagnetic. ferromagnetic ordering with a large magnetic moment is obtained. In order to further reduce the amount of Pt we replaced it with Al, but kept the structure rigid (i.e. no structural relaxation is performed). The magnetic ordering and moment do not change substantially. However, if we perform structural relaxation we find that the interlayer distance shrinks by 25%. This leads to ferrimagnetic ordering again as the lowest energy solution. This is a very important finding: it is not the constituent atom but the distance between the layers that plays the crucial role in determining the magnetic order. To check the stability of the magnetic ordering of the original material, i.e. FePtMnAl, we have further analyzed this structure. The effect on the magnetic order and moment of the interlayer distances is examined. These results are presented in Fig. 3 
